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Description 

This invention relates to metal oxide powders 
useful in the production of various ceramic materi- 
als, and to processes for making such metal oxide 
ceramic powders, particularly metal oxide ceramic 
powders of fine particle size. 

Fine particle size (0.1-1.0 micron diameter), 
metal oxide powders are highly desirable in ce- 
ramic product manufacturing. Sintering of these 
fine powders occurs at temperatures much lower 
than most larger-sized commercial powders. 

The traditional methods for producing ceramic 
powders involve mechanically mixing the compo- 
nent oxides in their appropriate stoichiometric 
amounts, calcining the solution at high temperature 
to obtain a single phase, and mechanically milling 
the product to obtain the desired particle size. 
However, high temperature calcination promotes 
crystal growth, which is an undesirable effect, the 
desired end product being a fine-grained ceramic 
powder. On the other hand, mechanical milling 
often introduces unwanted impurities into the final 
ceramic powder product. 

A number of somewhat complicated chemical 
methods have been developed to produce fine 
ceramic powders. Included are controlled hydroly- 
sis and condensation of metal alkoxides (sol gel), 
flame oxidation, and spray drying of a colloidal 
suspension, freeze-drying, and coprecipitation. 

In U.S. Patent 3,330,697, a method of produc- 
ing electrical capacitors is described employing 
lead and alkaline earth titanates, zirconates and 
niobates. These compounds are used in selected 
combinations and proportions to form resin inter- 
mediates. Calcination of the resin intermediates 
removes the organic material and leaves a metal 
oxide powder, ideally in a finely divided state. A list 
of compounds which can be used in this process 
are provided in column 2, lines 62-67. 

In a subsequent article in Mat. Res. Soc. 
Symp. Proa, Vol. 32, pages 239-244 (1984), en- 
titled, Preparation Of Strontium Titanate Ceramics 
In Internal Boundary Layer Capacitors By The 
Pechini Method , by Budd, et al., strontium titanate 
is described as one of the titanate perovskite ma- 
terials that are widely used in the electronic ceram- 
ics industry. In the study described in the article, a 
liquid resin-forming technique, as described in the 
above U.S. 3,330,697 patent was used to prepare 
the strontium titanate powders. 

In an article entitled, Preparation of Fine Or- 
ganic Powders by Evaporative Decomposition So- 
lutions , by D.M. Roy, et at., in Am. Ceram. Soc. 
Bull., Vol 56, at page 1023 (1977), the authors 
describe ceramic powder production by evapora- 
tive decomposition of solutions. Sp cifically, alu- 
minum oxide and calcium aluminum oxide powders 



were prepared in laboratory scale furnaces using 
the EDS techniqu . Details of the furnace and 
atomizer assembly, respectively, employed in the 
EDS method are set forth in FIGS. 1 and 2 of the 

5 Roy article. 

A wide variety of thin ceramic films have also 
been prepared by various vacuum techniques and 
by chemical methods. These methods are de- 
scribed in the following references: 

w 1. H. Schroeder, Phys. Thin Rims, 5, 87 (1969). 

2. B.E. Yoldas and T.W. O'Keefe, Appl. Opt., 18, 
3133 (1979). 

3. C. Feldman, J. appl. Phys. 27, 870 (1956) 

4. M.G. Pechini, United States Patent 3,330,697 
75 (1967). 

A relatively large volume of other articles have 
been written concerning various chemical routes to 
production of thin ceramic films. Two books, Better 
Ceramics Through Chemistry , eds. C.J. Brinker, 

20 D.E. Clark, and D.R. Ulrich, Materials Research 
Society Proceedings, Volume 32, North-Holland, 
New York, 1984, and Better Ceramics Through 
Chemistry II , eds. C.J. Brinker, D.E. Clark, and D.R. 
Ulrich, Materials Research Society Symposia Pro- 

25 ceedings, Volume 73, Materials Research Society, 
Pittsburgh, PA 1986, contain a number of pertinent 
articles. Vacuum techniques generally suffer from 
the requirement of relatively sophisticated appara- 
tus and/or area and geometrical constraints. Advan- 

30 tages of chemical solution methods include sim- 
plicity, low cost, and precise control of film 
stoichiometry. 

Accordingly, a need exists for a process for 
producing ceramic powders, particularly fine, sin- 

35 gle-phase ceramic powder, without the use of com- 
plex equipment such as the above-described EDS 
furnace, which can be produced in a direct manner 
with a minimum amount of skill and labor, and 
which provides a high-quality product. A need also 

40 exists for a very simple method to prepare thin 
ceramic films, particularly thin ceramic films from 
an aqueous solution of metal nitrates and an amino 
acid. 

45 SUMMARY OF THE INVENTION 

This invention is directed to metal oxide pow- 
ders, and to methods for making same, and over- 
comes some of the above problems associated 

so with the prior art processes for producing ceramic 
powders. The process of this invention is direct 
and relatively simple, requiring a minimum level of 
skill and labor to complete, is relatively low cost, 
and produces a fine metal oxide powder which is 

55 high in quality and which is typically formed as a 
sing I -phase ceramic powd r. 

The process generally includes th formation 
of homogeneous, aqueous pr cursor mixtures of at 
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least one substantially soluble metal salt and a 
substantially soluble, combustible co-reactant com- 
pound, typically an amino acid. This produces, 
upon evaporation, a substantially homogeneous in- 
termediate material having a concentration which 
would support combustion. The homogeneous in- 
termediate material essentially comprises highly 
dispersed or solvated metal constituents and the 
co-reactant compound. The intermediate material is 
quite flammable. A metal oxide powder results on 
ignition of the intermediate product, which com- 
busts same to produce the product powder. The 
combustion step is typically conducted at a tem- 
perature which will consume substantially all of the 
amino acid compound, but which will neither sub- 
stantially melt the metal oxide powder nor cause 
the loss of volatile components thereof. Combus- 
tion should therefore be conducted to avoid a sub- 
stantial loss of stoichiometry or the formation of 
incorrect crystalline phases in the metallic oxide 
powder product. Calcination of the product can 
then be conducted to remove any residual organic 
phase so that submicron ceramic particles of the 
above-described metal oxide powder are obtained. 

The foregoing and other objects, features and 
advantages of the invention will become more 
readily apparent from the following detailed de- 
scription of a preferred embodiment which pro- 
ceeds with reference to the drawings. 

This invention comprises the production of 
metal oxide ceramic powders from an initial precur- 
sor aqueous solution of a corresponding metal salt 
and an amino acid. The particular metal elements 
of the metal salts that can be used in the process 
of this invention are those which will form a sub- 
stantially water soluble salt and can be converted 
to a metal oxide during burning of the metal 
salt/amino acid/water solution. This is contrary to 
the U.S. 3,330,697 patent which states that com- 
pounds such as nitrates did not serve the objec- 
tives of that invention. Metal cations that are useful 
in producing the metal oxide powders of this inven- 
tion are aluminum, calcium, chromium, manganese, 
iron, nickel, copper, strontium, yttrium, zirconium, 
silver, thallium, barium, lanthanum and bismuth, as 
well as lithium, sodium, magnesium, potassium, 
scandium, zinc, rubidium, cadmium, indium, 
cesium, mercury, lead, cerium, praseodymium, 
neodymium, samarium, europium, gadolinium, ter- 
bium, dysprosium, holmium, erbium, thulium, ytter- 
bium, lutetium, uranium, thorium, cobalt, zinc, haf- 
nium and molybdenum respectively. 

The anions which are particularly useful in this 
invention are those which exhibit substantial solu- 
bility in aqueous mixture, and which decompose 
with little or no residue during ignition of the metal 
salt/amino acid aqu ous precursor mixture. Anions 
suitabl for us in this proc ss include acetates, 



formates, halides (particularly chlorides, bromides, 
iodides), oxyhalides (particularly perchlorates, per- 
bromates, periodates, chlorates, bromates, iodates, 
chlorites, bromites, and iodites), sulphates, carbon- 

5 ates and nitrates, respectively. However, the anion 
of choice is the nitrate ion. Nitrate compounds are 
quite soluble in water, are widely available, and are 
stable in a water mixture. Nitrates also provide 
oxygen to combust the amino acids. Very little 

io residue (less than 1%) remains in the ash after 
ignition of a metal nitrate/amino acid mixture. Fur- 
thermore, any residue from the use of nitrates can 
be essentially eliminated by calcining the ash at a 
temperature of about 600-700 • C. 

75 Metal salt reactants capable of producing the 

powders of the present invention include the follow- 
ing compounds: Lanthanum nitrate hydrate, such 
as La(NOa)3.6H20; strontium nitrate, anhydrous; 
chromium nitrate hydrate, such as Cr(N03>3.9H 2 0; 

20 yttrium nitrate hydrate, such as Y(N03>3.6H2 0; cal- 
cium nitrate hydrate, such as Ca(N0 3 )2.4H2 0; bari- 
um nitrate; copper nitrate hydrate, such as Cu- 
(NOa)2.3H2 0; bismuth nitrate hydrate, such as Bi- 
(NOa)3.5H20; nickel nitrate hydrate, such as Ni- 

25 (N03>2.6H20; iron nitrate hydrate, such as Fe- 
(N03)2.6H 2 0; zirconium nitrate pentahydrate, man- 
ganese (II) nitrate tetrahydrate, aluminum nitrate 
hydrate, such as AI(N03)3 »9H20, cerium nitrate 
hydrate such as Ce(N0 3 K»6H 2 0 or combinations 

30 of these metal salt reactants. 

The co-reactant, particularly an amino acid, is 
combined with a metal salt in aqueous mixture to 
produce the subject precursor material. It is impor- 
tant that the co-reactant compound employed have 

35 a relatively high water solubility, good complexing 
properties, and, after evaporation, will combust with 
as little residue as possible. The amino acid of 
choice is glycine because it the simplest amino 
acid, is readily available, inexpensive, and requires 

40 the least amount of oxidant to combust. Other 
amino acids such as glycine, alanine, valine, 
leucine, isoleucine, proline, aspartic acid, glutamic 
acid, lysine, arginine, histidine, asparagine, 
glutamine, serine, threonine, phenylalanine, 

45 tyrosine, and tryptophan can be suitable in this 
invention. 

In the precursor mixture, the ratio of amino 
acid to metal cation is from about a mole ratio of 
0.5:1 up to a ratio of about 6:1. The best product 

50 usually results when the glycine-to-cation molar 
ratio is adjusted to produce the largest bulk volume 
of ash. Sufficient water is added to dissolve the 
metal salts and the amino acid. 

Ammonium nitrate and additional amino acid 

55 may be added to the aqueous solution of metal 
nitrates and amino acid to increase the bulk volume 
of the ash produced. 
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The precursor mixture may be formed in some 
instances under acidic or basic conditions. How- 
ever, it is preferred that the pH of the mixture be 
approximately neutral. 

The precursor mixture is formed into an inter- 
mediate material, preferably in the form of a glass- 
like intermediate material, by evaporating water 
therefrom. The amine and carboxylic acid end 
groups of the amino acid bind with the metal ca- 
tions in mixture, thereby increasing the solubility of 
the metal salt and inhibiting inhomogeneous pre- 
cipitation thereof. Thus, as the precursor aqueous 
mixture is concentrated by evaporation of excess 
water, a material results, in which diffusion and 
therefore precipitation of individual components, is 
inhibited. 

The intermediate material has a relatively low 
ignition temperature, and can be easily heated to 
the point of autoignition. For example, the autoig- 
nition temperature of an intermediate formed from 
lanthanum nitrate hydrate, strontium nitrate, and 
chromium nitrate hydrate is about 200 'C. 

When the precursor solution is ignited, the 
nitrate or other anion usually serves as the princi- 
pal oxidizer for the combustion of the amino acid. 
Oxygen from the air may also participate in com- 
bustion of some of the amino acid, depending on 
the ratio of amino acid to nitrate in the precursor 
solution and the identity of the amino acid. How- 
ever, the combustion temperature and the general 
vigor of the combustion reaction decreases as the 
required amount of air increases. For example, in 
the case of (La.SrJCrOs prepared from the metal 
nitrates and glycine, the most vigorous combustion 
and highest combustion temperatures occurred 
when two glycine molecules were present in the 
precursor solution for every three nitrate ions, 
which corresponds to about two glycine molecules 
per metal cation. When the quantity of glycine was 
increased to one glycine molecule per nitrate ion, 
or three glycine molecules per metal cation, the 
combustion reaction was much slower and oc- 
curred at a much lower temperature. 

Thus, combustion generally occurs at a tem- 
perature that will consume substantially all of the 
amino acid, but will neither substantially melt the 
metal oxide powder (which causes excessive sin- 
tering of the particles), nor volatilize any of the 
metal oxide components causing substantial loss of 
stoichiometry of the final powder product. Control 
over the combustion temperature therefore can be 
very important. Excessive sintering of the ceramic 
powder particles will result if the combustion tem- 
perature is at too high a level so that the particles 
melt; loss of some of the more volatile components 
can also occur at the highest combustion tempera- 
tures. For example, for th high critical temperature 
superconductor yttrium barium cuprate, use of 



three glycine molecules for every four nitrate ions, 
equivalent to two glycine molecules per metal ca- 
tion, gave a combustion temperature that was too 
high to form a useful powder. The ceramic particles 

5 sintered to form large, porous chunks; the product 
also was not superconducting after the usual ther- 
mal processing, indicating some loss of 
stoichiometry or formation of incorrect crystalline 
phases. However, when nine glycine molecules 

10 were present for every eight nitrate ions, equivalent 
to three glycine molecules per metal cation, par- 
ticles formed were submicron in diameter; with 
subsequent thermal processing, the product exhib- 
ited superconducting properties. Refractory ceram- 

15 ic materials such as (La,Sr)Cr03, because of their 
much higher melting temperatures, are much less 
sensitive to the combustion temperature. Accept- 
able products can be formed over a much wider 
range of amino acid to metal or nitrate ratios in the 

20 precursor solution. 

Although very little residue remains in the ash 
after ignition of the metal salt/amino acid intermedi- 
ate material, any remaining nitrate or carbon can 
be driven off and essentially eliminated by volatiz- 

25 ing same by calcination or other like techniques. 
Typically, calcination can be accomplished at tem- 
peratures of 700 * C, or less, using readily available 
equipment, such as a common laboratory muffle 
furnace or the like. The metal oxide particles will 

30 generally grow in size during the calcination pro- 
cess. 

Metal oxide powder products which can be 
produced by this invention include the following: 
lanthanum strontium chromite, yttrium calcium 

35 chromite, lanthanum strontium manganite, yttrium 
calcium manganite, yttrium barium copper oxide, 
bismuth calcium strontium copper oxide, nickel ox- 
ide-nickel ferrite, yttria-stabilized zirconia, calcium 
zirconate, strontium zirconate, manganese ferrite, 

40 lanthanum strontium ferrite, zirconium aluminate, 
cerium zirconium oxide and lanthanum strontium 
aluminum chromite. The structure formulae of spe- 
cific metal oxide materials which can be produced 
by this invention are as follows: Lat-xSrxCrOs. 

45 where x = 0 to 1.0; Yt-xCaxCrOa, where x = 0 to 
1.0; YBa2Cu 3 0 7 -x» where x = 0.06; 
Bi 2 CaSr2Cu 2 09; NiO-NiFe 2 04; 0-20% mole per- 
cent Y 2 03 f Zr0 2 ; CaZrOs; SrZrOa; MnFe 2 0 4 ; 
Lao.7 5 Sr 0 .25Fe03; (ZrO 2 )x(AI 2 03)i-x, where x = 0.0 

50 to 1.0; Lai-xSr x Mn0 3 , where x = 0.0 to 1.0; 
Y^xCaxMnOa, where x = 0.0 to 1.0; CeO^Zrtfe, 
and La^ySryCn-xAlxOs, where y = 0 to 0.3 or x = 
0 to 0.3. 

The fine, metal oxide particles of this invention 
55 are useful in numerous ceramic applications. Pri- 
mary metal oxide particles ar typically in a narrow 
particle size distribution rang , and are generally 
not more than about 1 micrometer (1000 nm) in 
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diameter. More specifically, the fine particles pro- 
duced by the process of the present invention are 
of a submicron particle size, the primary particle 
diameter being preferably in the range of about 1 0 
to 700 nm, and more preferably about 20 to 500 
nm, and most preferably about 20 to 300 nm. 

The subject metal oxide powders can comprise 
a single crystalline phase, if such is desired, as 
determined by X-ray diffraction (XRD) analysis. For 
example, X-ray diffraction analyses were performed 
for the calcined (750 *C for 4 hrs) and uncalcined 
ash of the composition LaoWSro.ieCrCk. The uncal- 
cined ash of that composition gave only diffraction 
lines expected for materials which have a perov- 
skite structure, but were broadened due to the very 
small particle size of the product. More importantly, 
no diffraction lines were visible corresponding to 
individual reactant component oxides or phases 
other than La(Sr)Cr03 which indicated that the met- 
al oxide powders were single-phased. 

The submicron particles of the invention herein 
have a relatively high surface area, particularly in 
view of their submicron size. For example, particles 
of the composition Lao. 8 4Sr 0 .i6CrO3 exhibit a BET 
surface area of about 25 square-meters per gram. 

EXAMPLE 1 

Lanthanum strontium chromite fine ceramic 
powders were produced according to the present 
invention. This material can be used as bipolar or 
current interconnecting material in the previously 
described solid oxide fuel cells. Lanthanum stron- 
tium chromite is very difficult to produce by con- 
ventional methods. 

The following describes a preferred preparation 
method of LaT-xSrxCrOa: 

0.0084 moles of lanthanum nitrate hydrate [La- 
(N0 3 )3.6H 2 0], 0.0016 moles of strontium nitrate, 
anhydrous [SrfNCbH. 0.01 moles of chromium ni- 
trate hydrate [Cr(NC>3)3.9H 2 0], 0.06 moles of gly- 
cine [HOOC-CH2-NH2], appropriate to prepare 0.01 
moles of La 0 .84Sr 0 ieCr03, were dissolved in a mini- 
mum quantity of deionized water. The three metal 
nitrates and glycine formed a homogeneous, aque- 
ous precursor mixture. The precursor mixture was 
heated on a hot plate (or in an oven) to evaporate a 
substantial portion of the water, until the concentra- 
tion of the solution was approximately 1 mole/liter 
in terms of the product oxide phase. 

Approximately 15 ml (at a time) of the con- 
centrated solution was placed in a 1,000 ml glass 
beaker. This small aliquot was heated on a hot 
plate until it boiled, evaporating the remaining free 
water. The viscous, evaporated precursor solution 
was then further heated until the autoignition tem- 
perature was reached. 



The mixture temperature was raised to approxi- 
mately 200° C and autoignition of the evaporated 
precursor mixture occurred. The residual ash left in 
the beaker after autoignition consisted of low den- 

5 sity ash containing very fine primary particles of 
(La,Sr)Cr0 3 . The residua! ash was calcined at ap- 
proximately 650 *C for 4 hours to drive off volatile 
residuals, which constituted less than one weight 
percent of the ash. 

10 Fine primary ceramic particles were formed 

having diameters ranging between approximately 
20 and 100 nanometers, and consisting of one 
crystalline phase. These submicron powders had a 
surface area greater than 20 square meters per 

75 gram. These particles were sinterabie in air at 
1 550 * C to a density of greater than 95 percent of 
their theoretical density. 

X-ray diffraction analyses were performed for 
the uncalcined ash and for ash calcined at 650 *C 

20 for 4 hours. The uncalcined ash gave only diffrac- 
tion lines expected for the perovskite structure, but 
were somewhat broadened due to the very small 
particle size of the powder. Most importantly, no 
diffraction lines were visible corresponding to the 

25 individual component oxides (Cr 2 0 3 , SrO, or 
LaaOs) of the ceramic oxide product or phases 
other than (La,Sr)Cr03. Following calcination, dif- 
fraction lines sharpened, due to growth of ceramic 
particles within the ash. 0.01 moles (approximately 

30 2.3 grams) of Lao.84Sro.i6Cr0 3 powder were pro- 
duced by the process of this invention. 

EXAMPLE 2 

35 The procedure outlined in Example 1 was re- 

peated with the exception of the use of different 
starting materials, as follows: 

yttrium nitrate hydrate [Y(NC>3)3.6H 2 0] 
calcium nitrate hydrate [Ca(N03)2.4H2 0] 
40 chromium nitrate hydrate [Cr(N03) 3 .9H 2 0] 

Yttrium calcium chromite compounds are 
closely related to the (La,Sr)Cr03 compounds in 
Example 1 . Both families of compounds are known 
to be stable at high temperature and to exhibit 
45 good electrical properties. Submicron, single-phase 
(Y.CaJCrOs powders were prepared of the struc- 
tural formula Y^-^CayCrOs. 

EXAMPLE 3 

50 

0.01 moles (approximately 6.6 grams) of the 
high temperature oxide ceramic material 
YBa2Cu3 0 7 - x , where superconducting properties 
are optimized for x = 0.06, was prepared. High tem- 
55 perature superconductors are likely to find wide 
application in energy conservation technology, sen- 
sors, magnets, and magnetic shielding. The proce- 
dure of Example 1 was repeated using the follow- 
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ing starting materials in their appropriate 
stoichiometric quantities: 

0.01 moles of yttrium nitrate hydrate [Y(N0 3 )- 
3.6H2O] 

0.02 moles of barium nitrate 

0.03 moles of copper nitrate hydrate [Cu(N0 3 )- 
2.3H20] 

The product YBa2Cu30 7 - x ceramic powder 
was pressed into a pellet and sintered to the or- 
thorhombic phase at approximately 950 °C. The 
pellets were furnace cooled to 450 # C and an- 
nealed in flowing oxygen at that temperature. The 
critical temperature for pellets made using this 
method is greater than 88 • K. 

EXAMPLE 4 

Preparation of a Bi2CaSr2Cu209 powder fol- 
lowed the procedure outlined in Example 1, except 
for the use of the following starting materials, 
calcium nitrate hydrate [Ca(N0 3 >2- 4H 2 0] 
bismuth nitrate hydrate [Bi(N0 3 )3.5H 2 0] 
copper nitrate hydrate [Cu(N0 3 >2.3H2 0] 
strontium nitrate [Sr(N0 3 >2] 
This composition has also been shown to ex- 
hibit superconducting properties above the tem- 
perature of liquid nitrogen. 

EXAMPLE 5 

Nickel oxide-nickel ferrite powders were pre- 
pared using the procedure of Example 1, except 
for the following starting materials: 

nickel nitrate hydrate [Ni(N0 3 >2.6H2 0] 
iron nitrate hydrate [Fe(N0 3 >2.6H2 0] 
The mixed phase ceramic nickel oxide-nickel 
ferrite [NiO-NiFe2 0*) may be used as an inert 
anode in the refining of aluminum metal. The ma- 
terial is known to have good electronic conductivity 
and has good corrosion resistance in the extreme 
environments of aluminum refining. 

EXAMPLE 6 

Zirconia and yttria-stabilized zirconia (0-20 
mole percent Y 2 0 3 ) were prepared using the pro- 
cedure of Example 1, except that the starting ma- 
terials are zirconium nitrate pentahydrate, yttrium 
nitrate hexahydrate, and glycine. 

The ceramic product material is known to be 
stable at elevated temperatures, and has found use 
in sensor technology, wear-resistant materials, and 
corrosionresistant materials, among numerous oth- 
r uses. 



EXAMPLE 7 

Using the same procedure as described in 
Example 1 f calcium nitrate tetrahydrate and zirco- 
5 nium nitrate pentahydrate were combined to pro- 
duce a calcium zirconate ceramic powder. Calcium 
zirconate is a refractory material having good elec- 
trical properties. 

10 EXAMPLE 8 

Using the same procedure as described in 
Example 1, strontium nitrate and zirconium nitrate 
pentahydrate were combined to produce strontium 
75 zirconate. Strontium zirconate is a refractory ma- 
terial with good electrical properties. 

EXAMPLE 9 

20 Using the same procedure as described in 

Example 1, manganese (II) nitrate tetrahydrate and 
iron (II) nitrate hexahydrate were combined to pro- 
duce manganese ferrite. Manganese ferrite is a 
refractory ceramic with good magnetic and elec- 

25 tronic properties. 

EXAMPLE 10 

Using the same procedure as described in 
30 Example 1, lanthanum nitrate hexahydrate, stron- 
tium nitrate, and iron (II) nitrate hexahydrate were 
combined to produce lanthanum strontium ferrite. 
Lanthanum strontium ferrite is a refractory ceramic 
with good magnetic and electronic properties. 

35 

EXAMPLE 11 

Using the same procedure described in Exam- 
ple 1, lanthanum nitrate hexahydrate, strontium ni- 

40 trate, and manganese (II) nitrate tetrahydrate were 
combined to produce lanthanum strontium man- 
ganite, of the formula Lat-xSrxMnOs, where x = 0.0 
to 1 .0. Lanthanum strontium anganite is a refractory 
ceramic with good magnetic and electrical prop- 

45 erties. 

EXAMPLE 12 

Using the same procedure described in Exam- 
50 pie 1, yttrium nitrate hexahydrate, calcium nitrate 
tetrahydrate, and manganese (II) nitrate tetrahy- 
drate were combined to produce yttrium calcium 
manganite, of the formula y^- x Ca x tAn03 t where X 
= 0.0 to 1 .0. Yttrium calcium manganite is a r frac- 
55 tory ceramic with good magnetic and electrical 
properties. 
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EXAMPLE 13 

Using the same procedure described in Exam- 
ple 1, zirconium nitrate pentahydrate and aluminum 
nitrate nonahydrate were combined to produce an 
aluminum oxide-zirconium oxide composite. This 
material has applications as a structural ceramic. 

EXAMPLE 14 

Using the same procedure described in Exam- 
ple 1, cerium nitrate hexahydrate and zirconium 
nitrate pentahydrate were combined to produce 
ceria-zirconia CeOVZrtk). This refractory ceramic 
has good electrical properties. 

EXAMPLE 15 

Using the same procedure as described in 
Example 1, lanthanum nitrate hydrate, strontium 
nitrate, aluminum nitrate hydrate, and chromium 
nitrate hydrate were combined to produce lan- 
thanum strontium aluminum chromite 
La^ySryCrT-xAlxOa, where y = 0.0 to 0.3 and x = 

0. 0 to 0.3. This refractory ceramic exhibits good 
electrical conductivity. 

Claims 

1. A process for producing a metal oxide powder, 
which comprises 

forming a substantially homogeneous, 
aqueous precursor mixture comprising at least 
one substantially soluble metal salt and a sub- 
stantially soluble, combustible amino acid 
compound; 

evaporating said precursor mixture to form 
a substantially homogeneous intermediate ma- 
terial having a composition and concentration 
which will support combustion; and 

igniting said intermediate material and 
combusting same through auto ignition to pro- 
duce said metal oxide powder. 

2. The process of claim 1, wherein said amino 
acid compound comprises glycine. 

3. The process of claim 1, wherein the anion of 
said metal salt comprises a nitrate compound. 

4. The process of claim 1, wherein said combus- 
tion step is conducted at a temperature which 
will consume substantially all of said amino 
acid compound, but will neith r substantially 
melt said metal oxide powder nor cause the 
loss of said volatile metal oxid components 
causing a substantial loss of stoichiometry or 
the formation of incorrect crystalline phases. 



5. The process of claim 1, wherein the cation of 
said metal salt comprises any one of alumi- 
num, calcium, chromium, manganese, iron, 
nickel, copper, strontium, yttrium, zirconium, 

5 silver, barium, lanthanum, bismuth, lithium, so- 

dium, magnesium, potassium, scandium, zinc, 
rubidium, cadmium, indium, cesium, mercury, 
thallium, lead, cerium, praseodymium, 
neodymium, samarium, europium, gadolinium, 

10 terbium, dysprosium, holmium, cobalt, haf- 

nium, molybdenum, erbium, thulium, ytterbium, 
lutetium, uranium and thorium, respectively. 

6. The process of claim 1, wherein said metal 
75 oxide powder comprises any one of lanthanum 

strontium chromite, yttrium calcium chromite, 
lanthanum strontium manganite, yttrium cal- 
cium manganite, ceria-zirconia, alumina-zir- 
conia, lanthanum strontium aluminum chromite, 
20 yttrium barium copper oxide, bismuth calcium 

strontium copper oxide, nickel oxide-nickel fer- 
rite, yttria-stabilized zircon ia, calcium zirconate, 
strontium zirconate, manganese ferrite, and 
lanthanum strontium ferrite. 

25 

7. The process of claim 1 , wherein said metal salt 
comprises any one of lanthanum nitrate hy- 
drate, strontium nitrate, chromium nitrate hy- 
drate, yttrium nitrate hydrate, calcium nitrate 

30 hydrate, barium nitrate, copper nitrate hydrate, 

bismuth nitrate hydrate, nickel nitrate hydrate, 
iron nitrate hydrate, zirconium nitrate pen- 
tahydrate, yttrium nitrate hexahydrate, manga- 
nese nitrate tetrahydrate, iron nitrate hex- 

35 ahydrate, and lanthanum nitrate hexahydrate, 

aluminum nitrate nonahydrate, cerium nitrate 
hexahydrate, cobalt nitrate hydrate, zinc nitrate 
hydrate, hafnium nitrate hydrate, and molyb- 
denum nitrate hydrate. 

40 

8. The process of claim 1, wherein the anion of 
said metal salt comprises any one of an ace- 
tate, formate, halide, oxyhalide, sulphate, car- 
bonate and nitrate compound. 

45 

9. The process of claim 1, wherein the primary 
particle diameter of the metal oxide powder is 
in the range of about 10 to 700 nm. 

50 10. The process of claim 1, wherein said amino 
acid compound comprises any one of glycine, 
alanine, valine, leucine, isoleucine, proline, as- 
partic acid, glutamic acid, lysine, arginine, his- 
tidine, asparagine, glutamine, serin , threonine, 

55 phenylalanine, tyrosine, and tryptophan. 

11. The process of claim 1, wherein the primary 
particle diameter of th metal oxide powder is 
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in the range of about 100 to 300 nm. 



13. The process of claim 12, which further in- 
cludes the step of evaporating said precursor 
aqueous mixture to form an evaporated inter- 
mediate material. 

14. The process of claim 12, wherein said evap- 
orated intermediate material comprises a vis- 
cous liquid intermediate. 

15. The process of claim 12, which further in- 
cludes the step of igniting said intermediate 
material to form a metal oxide powder. 



19. The process of claim 12, wherein the primary 
particle diameter of the metal oxide powder is 
in the range of about 10 to 700 nm. 

20. A substantially homogenous intermediate ma- 
terial as defined in claim 1, having a composi- 
tion and concentration which will support com- 
bustion, and being capable of being ignited 
and combusted through autoignition to produce 
a metal oxide powder. 



22. The mixture of claim 20, wherein th anion of 
said m tal salt comprises a nitrate. 

23. The mixture of claim 20, wherein the cation of 
said metal salt comprises any one of alumin- 
ium, calcium, chromium, manganese, iron, 
nickel, copper, strontium, yttrium, zirconium, 
silver, barium, lanthanum, cerium, cobalt, zinc, 
hafnium, molybdenum and bismuth, lithium, 
sodium, magnesium, potassium, scandium, 
rubidium, cadmium, indium, cesium, mercury, 
thallium, lead, praseodymium, neodymium, 
samarium, europium, gadolinium, terbium, dys- 
prosium, holmium, erbium, thulium, ytterbium, 
lutetium, uranium and thorium, respectively. 

24. The mixture of claim 20, wherein the anion of 
said metal salt comprises any one of acetates, 
formates, halides, oxyhalides, sulphates, car- 

20 bonates and nitrates. 

25. The mixture of claim 20, wherein said amino 
acid compound comprises any one of glycine, 
alanine, valine, leucine, isoleucine, proline, as- 

25 partic acid, glutamic acid, lysine, arginine, his- 

tidine, asparagine, glutamine, serine, threonine, 
phenylalanine, tyrosine, and tryptophan. 

26. A process for producing a metal oxide powder 
which comprises 

forming a substantially homogeneous, 
aqueous precursor mixture comprising at least 
one substantially soluble metal compound and 
a substantially water-soluble, combustible co- 
reactant ami no-acid compound; 

evaporating said precursor mixture to a 
total solids level which will support combus- 
tion; and 

igniting said evaporated mixture and com- 
busting same through autoignition to produce 
said single phase metal oxide powders. 

27. The process of claim 1, wherein ammonium 
nitrate and additional combustible co-reactant 

45 compound are added to increase the ash bulk 

volume. 

2a The process of claim 12, wherein said metal 
oxide powder comprises mixed crystalline 
so phases. 

Patentanspriiche 



12. A process for producing a substantially homo- 
genous intermediate material of claim 1. said 
material having a composition and concentra- 5 
tion which will support combustion, and being 
capable of being ignited and combusted 
through . autoignition to produce a metal oxide 
powder, which process comprises providing at 
least one substantially soluble metal salt; com- io 
bining said metal salt with a substantially solu- 
ble, combustible amino acid to form said pre- 
cursor mixture, and evaporating said precursor 
mixture to form the substantially homogenous 
intermediate material. 75 



16. The process of claim 12, which further in- 30 
eludes the step of volatizing said metal oxide 
powder to drive off substantially all of the re- 
maining carbon and metal salt anion, respect 
tively. 

35 

17. The process of claim 12, wherein said metal 
oxide powder has a particle size of not more 
than one micrometer. 

18. The process of claim 12, wherein said metal 40 
oxide powder comprises a single crystalline 
phase. 



1. Verfahren zur Herstellung von Metalloxid-Pul- 
21. The mixture of claim 20, wherein said amino 55 vern durch 

acid compound compris s glycine. Bilden einer im wesentlich n homogenen, 

wassrigen Vormischung aus wenigst ns inem 
im wesentlichen loslichen Metatlsalz und einer 
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im wesentlichen loslichen AminosSureverbin- 
dung; 

Eindampfen der Vormischung zur Erzeu- 
gung eines homogenen Zwischenproduktes mit 
einer die Verbrennung fordernden Zusammen- 5 
setzung und Konzentration und 

AnzUnden des Zwischenproduktes und 
Ausbrennen derselben durch Selbstentzun- 
dung zur Erzeugung des Metalloxides. 

w 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Aminosaure-Verbindung Gly- 
cin enthalt. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 75 
zeichnet, da/3 das Anion des Metailsalzes eine 
Nitratverbindung enthalt. 

4. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Ausbrennen bei einer Tem- 20 
peratur durchgefUhrt wird, bei der im wesentli- 
chen die gesamte Aminosaureverbindung ver- 
braucht, aber weder das Metalloxid-Pulver nen- 
nenswert geschmolzen wird, noch ein Verlust 
derjenigen fluchtigen Metalloxidbestandteile 25 
eintritt, der zu einer erheblichen Beeintrachti- 
gung der Stochiometrie oder der Bildung 
nicht-korrekter kristalliner Phasen fUhren wUr- 

de. 

30 

5. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Kation des Metailsalzes aus- 
gewahlt wird aus der Gruppe: Aluminium, Kal- 
zium, Chrom, Mangan, Eisen, Nickel, Kupfer, 
Strontium, Yttrium, Zirkon, Silber, Barium, 35 
Lanthan, Wismut, Lithium, Natrium, Magnesi- 
um, Kalium, Scandium, Zink, Rubidium, Kad- 
mium, Indium, Casium, Quecksilber, Thallium, 
Blei, Cer, Praseodym, Neodym, Samarium, Eu- 
ropium, Gadolinium, Terbium, Dysprosium, 40 
Holmium, Kobalt, Zink, Hafnium, Molybdan, Er- 
bium, Thulium, Ytterbium, Lutetium, Uran bzw. 
Thorium. 

6. Verfahren nach Anspruch 1, dadurch gekenn- 46 
zeichnet, daB das Metalloxid-Pulver ausgewahlt 
wird aus der Gruppe: Lanthan-Strontium-Chro- 
mat, Yttrium-Kalzium-Chromat, Lanthan-Stronti- 
um-Manganat, Yttrium-Kalzium-Manganat, Cer- 
Zirkon, Aluminium-Zirkon, Lanthan-Strontium- 50 
Aluminium-Chromat, Yttrium-Barium-Kupfer- 
Oxid, Wismut- Kalzium-Strontium-Kupfer-Oxld, 
Nickel-Oxid/Nickel-Ferrit, Yttrium-stabilisiertes 
Zirkon, Kalzium-Zirkonat, Strontium-Zirkonat, 
Mangan-Ferrit und Lanthan-Strontium-Ferrit. 55 

7. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Metallsalz ausgewahlt wird 



aus der Gruppe: Lanthan- Nitrat-Hyd rat, Stronti- 
um-Nitrat, Chrom-Nitrat-Hydrat, Yttrium-Nitrat- 
Hydrat, Kalzium-Nitrat-Hydrat, Barium-Nitrat, 
Kupfer-Nitrat-Hydrat, Wismut-Nitrat-Hydrat, 
Strontium-Nitrat, Nickel-Nitrat-Hydrat, Eisen-Ni- 
trat-Hydrat, Zirkon-Nitrat-Pentahydrat, Yttrium- 
Nitrat-Hexahydrat, Mangan-Nitrat-Tetrahydrat, 
Eisen-Nitrat-Hexahydrat und Lanthan-Nitrat-He- 
xahydrat, Aluminium-Nitrat-Nonahydrat, Cer-Ni- 
trat-Hexahydrat, Kobalt-Nitrat-Hydrat, Zink-Ni- 
trat-Hydrat, Hafnium -Nitrat-Hydrat und Molyb- 
dan-Nitrat-Hydrat. 

8. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Anion des Metailsalzes eine 
Acetat, Formiat-, Halogenid-, Oxihalogenid-, 
Sulfat-, Karbonat- oder Nitratverbindung ent- 
halt. 

9. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der primare Parti keldurchmesser 
des Metalloxides im Bereich von etwa 10 bis 
700 nm liegt. 

10. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Aminosaureverbindung aus- 
gewShlt wird aus der Gruppe: Glyzin, Alanin, 
Valin, Leuzin, Isoleuzin, Prolin, Asparaginsaure, 
Glutaminsaure, Lysin, Arginin, Hystidin, Aspa- 
ragin, Glutamin, Serin, Threonin, Phenylamin, 
Tyrosin oder Tryptophan. 

11. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der primare Partikeldurchmesser 
des Metalloxides im Bereich von etwa 100 bis 
300 nm liegt. 

12. Verfahren zur Herstellung eines im wesentli- 
chen homogenen Zwischenproduktes gemafl 
Anspruch 1, das eine das Ausbrennen unter- 
stUtzende Zusammensetzung und Konzentra- 
tion aufweist und entzUndbar sowie durch 
SelbstentzUndung ausbrennbar ist zur Erzeu- 
gung eines Metalloxid-Pulvers, dadurch ge- 
kennzeichnet. daB wenigstens ein im wesentli- 
chen losliches Metallsalz mit einer im wesentli- 
chen ISslichen, brennbaren AminosSure zu der 
Vormischung zusammengefOhrt werden und 
die Vormischung zur Bildung des im wesentli- 
chen homogenen Zwischenproduktes einge- 
dampft wird. 

13. Verfahren nach Anspruch 12, gekennzeichnet 
durch die weitere Verfahrensstufe des Ein- 
dampfens der wassrigen Vormischung zur Er- 
zeugung eines eingeengten Zwischenproduk- 
tes. 
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14. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB das eingeengte Zwischenprodukt 
ein viskos-flOssiges Zwischenerzeugnis enthalt. 

15. Verfahren nach Anspruch 12, gekennzeichnet 
durch die weitere Verfahrensstufe des Anzun- 
dens des Zwischenproduktes zur Bildung eines 
Metalloxid-Pulvers. 

16. Verfahren nach Anspruch 12, gekennzeichnet, 
durch die weitere Verfahrensstufe des Ein- 
dampfens und Entgasens des Metalloxid-Pul- 
vers zum Austreiben aller restlichen Kohlen- 
stoff- bzw. Metallsalz-Anionen. 

17. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB das Metalloxid-Pulver eine Parti- 
kelgroBe von nicht mehr als 1 ixm hat. 

18. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB das Metalloxid-Pulver eine einzi- 
ge kristalline Phase aufweist. 

19. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB der primare Parti keldurchmesser 
des Metalloxid-Pulvers im Bereich von etwa 70 
bis 700 nm liegt. 

20. Ein im wesentlichen homogenes Zwischenpro- 
dukt gemaB Anspruch 1, dadurch gekennzeich- 
net, daB es eine das Ausbrennung unterstOt- 
zende Zusammensetzung und Konzentration 
aufweist und entzundbar und durch Selbstent- 
zOndung zur Erzeugung eines Metalloxid-Pul- 
vers ausbrennbar ist. 

21. Mischung nach Anspruch 20, dadurch gekenn- 
zeichnet, dafl die Aminosaureverbindung Gly- 
zin enthalt. 

22. Mischung nach Anspruch 20, dadurch gekenn- 
zeichnet, daB das Anion des Metal I sal zes ein 
Nitrat enthalt. 

23. Mischung nach Anspruch 20, dadurch gekenn- 
zeichnet, daB das Kation des Metal I sal zes aus- 
gewahlt wird aus: Aluminium, Kalzium, Chrom, 
Mangan, Eisen, Nickel, Kupfer, Strontium, Yttri- 
um, Zirkon, Silber, Barium, Lanthan, Cer, Ko- 
balt, Zink, Hafnium, Molybdan und Wismut, 
Lithium, Natrium, Magnesium, Kalium, Scandi- 
um, Rubidium, Cadmium, Indium, Casium, 
Quecksilber, Thallium, Blei, Praseodym, Neo- 
dym, Samarium, Europium, Gadolinium, Terbi- 
um, Dysprosium, Holmium, Erbium, Thulium, 
Ytterbium, Lutetium, Uran, bzw. Thorium. 



24. Mischung nach Anspruch 20, dadurch gekenn- 
z ichnet, daB das Anion des Metallsalzes in 
Acetat, Formiat, Helogenid, Oxyhalogenid, Sul- 
fat, Karbonat Oder Nitrat enthalt. 

5 

25. Mischung nach Anspruch 20, dadurch gekenn- 
zeichnet, daB die Aminosaureverbindung aus- 
gewahlt wird aus der Gruppe: Glyzin, Alanin, 
Valin, Leuzin, Isoleuzin, Prolin, Asparaginsaure, 

w Glutaminsaure, Lysin, Arginin, Hystidin, Aspa- 

ragin, Glutamin, Serin, Threonin, Phenylalanin, 
Tyrosin und Tryptophan. 

26. Verfahren zur Herstellung eines Metal loxid-Pul- 
75 vers durch 

Bildung einer im wesentlichen homogenen, 
wassrigen Vormischung aus wenigstens einer 
im wesentlichen loslichen Metallverbindung 
und einer im wesentlichen wasserloslichen, 
20 brennbaren co-reagierenden Aminosaure-Ver- 

bindung; 

Abdampfen der Vormischung bis zu einem 
das Ausbrennen uncerstUtzenden Total-Fest- 
stoffniveau; 

25 Anzunden der eingeengten Mischung und 

Ausbrennen derselben durch Selbstentzun- 
dung zur Erzeugung des einphasigen Metall- 
oxid-Pulvers. 

30 27. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB Ammoniumnitrat und zusatzlich 
eine brennbare, co-reagierende Verbindung zu- 
gegeben wird, um das Ascheschtittvolumen zu 
erhtfhen. 

35 

28. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB das Metalloxid-Pulver gemischte 
Kristallphasen enthalt. 

40 Revendications 

1. Proce'de* pour fabriquer une poudre d'oxyde de 
me*tal qui consiste en : 

- la formation d'un melange pr^curseur 
45 aqueux, sensiblement homogene, com- 

prenant au moins un sel de m6tal sensi- 
blement soluble et un compost d'acide 
amine combustible, sensiblement solu- 
ble, 

so - I'eVaporation du dit melange precurseur 

pour former un materiau interme'diaire 
sensiblement homogene ayant une com- 
position et une concentration qui suppor- 
teront la combustion ; et, 

55 - I'inflammation du dit materiau interm£- 

diaire et la combustion de ce dernier par 
auto-inflammation pour produire ladite 
poudre d'oxyde de me'tal. 
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2. Procede selon la revendication 1, dans lequel 
ledit compost d'acide amine comprend de la 
glycine. 

3- Procede selon la revendication 1, dans lequel 
I'anion du dit sel de metal comprend un com- 
pose de nitrate. 

4. Procede selon la revendication 1, dans lequel 
ladite etape de combustion est menee a une 
temperature qui va consommer sensiblement 
tout ledit compose" d'acide amine, mais qui ne 
fera pas fondre sensiblement ladite poudre de 
metal d'oxyde et qui ne provoquera pas non 
plus la perte, des dits composants d'oxyde de 
metal volatils causant une perte sensible de 
stoechiometrie ou causant la formation de pha- 
ses cristallines incorrectes. 

5. Procede* selon la revendication 1, dans lequel 
le cation du dit sel de metal comprend un 
quelconque des elements suivants : alumi- 
nium, calcium, chrome, manganese, fer, nickel, 
cuivre, strontium, yttrium, zirconium, argent, 
baryum, lanthane, bismuth, lithium, sodium, 
magnesium, potassium, scandium, zinc, rubi- 
dium, cadmium, indium, cesium, mercure, thal- 
lium, plomb, cerium, pras^odyme, n^odyme, 
samarium, europium, gadolinium, terbium, dys- 
prosium, holmium, cobalt, hafnium, molybde- 
ne, erbium, thulium, ytterbium, lutecium, ura- 
nium et thorium. 



7. Procede selon la revendication 1, dans lequel 
ledit sel de metal comprend un quelconque 
des 6l6ments suivants : hydrate de nitrate de 
lanthane, nitrate de strontium, hydrate de nitra- 
te de chrome, hydrate de nitrate d'yttrium, 
hydrate de nitrate de calcium, nitrate de ba- 
ryum, hydrate de nitrate d cuivr , hydrate d 
nitrate de bismuth, hydrate de nitrate de nickel, 
hydrate de nitrat de fer, pentahydrate de ni- 
trate de zirconium, hexahydrate de nitrate d'yt- 
trium, tetrahydrate de nitrate de manganese. 



hexahydrate de nitrate de fer, et hexahydrate 
de nitrate de lanthane, nonahydrate de nitrate 
d'aluminium, hexahydrate de nitrate de cerium, 
hydrate de nitrate de cobalt, hydrate de nitrate 
5 de zinc, hydrate de nitrate d' hafnium, et hydra- 

te de nitrate de molybdene. 

8. Procede selon la revendication 1, dans lequel 
I'anion du dit sel de metal comprend un quel- 
10 conque des elements suivants : compose 

d'acetate, de formiate, d'halogenure, d'oxyha- 
logenure, de sulfate, de carbonate et de nitra- 
te. 

75 9. Procede selon la revendication 1, dans lequel 
le diametre de particule primaire de la poudre 
d'oxyde de metal est dans la plage de 10 a 
700 nm environ. 

20 10. Procede selon la revendication 1, dans lequel 
ledit compose" d'acide amine" comprend un 
quelconque des elements suivants : glycine, 
alanine, valine, leucine, isoleucine, proline, aci- 
de aspartique, acide glutamique, lysine, argini- 

25 ne, histidine, asparagine, glutamine, serine, th- 

reonine, phenylalanine, tyrosine, et tryptopha- 
ne. 

11. Procede selon la revendication 1, dans lequel 
30 le diametre de particule primaire de la poudre 

d'oxyde de metal est dans la plage de 100 a 
300 nm environ. 

1Z Procede pour fabriquer un materiau interme- 
diaire sensiblement homogene selon la reven- 
dication 1, ledit materiau ayant une composi- 
tion et une concentration qui supporteront la 
combustion, et etant capable d'etre enflamme 
et brOie par auto-inflammation pour produire 
une poudre d'oxyde de metal, lequel procede 
comprend les etapes suivantes : fourniture 
d'au moins un sel de metal sensiblement solu- 
ble ; combinaison du dit sel de metal avec un 
acide amine combustible sensiblement soluble 
pour former ledit melange precurseur, et eva- 
poration du dit melange precurseur pour for- 
mer le materiau intermediate sensiblement ho- 
mogene. 

so 13. Procede selon la revendication 12, qui com- 
prend, de plus, retape d'evaporation du dit 
melange aqueux precurseur pour former un 
materiau intermediate evapore. 

55 14. Procede selon la revendication 12, dans lequel 
ledit materiau intermedial re evapore est consti- 
tue d'un liquide visqueux intermediate. 



6. Procede selon la revendication 1, dans lequel 

ladite poudre d'oxyde de metal comprend un 35 
quelconque des elements suivants : chromite 
de strontium lanthane, chromite de calcium 
yttrium, manganite de strontium lanthane, man- 
ganite de calcium yttrium, oxyde ceriquezirco- 
ne, alumine-zircone, chromite d'aluminium 40 
strontium lanthane, oxyde de cuivre baryum 
yttrium, oxyde de cuivre strontium calcium bi- 
smuth, ferrite de nickel-oxyde de nickel, zirco- 
ne d'oxyde d'yttrium stabilise, zirconate de cal- 
cium, zirconate de strontium, ferrite de manga- 45 
nese, et ferrite de strontium lanthane. 
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15. Proctdt selon la revendication 12, qui com- 
prend, de plus. I'ftape d'i inflammation du dit 
materiau intermediaire pour former une poudre 
d'oxyde de metal. 

16. Proctdt selon la revendication 12, qui com- 
prend, de plus, I 'e tape de volatilisation de ladi- 
te poudre d'oxyde de mttal pour tvacuer res- 
pectivement, sensiblement tout le carbone res- 
tant et Panion de sel de mttal. 

17. Procede selon la revendication 12, dans lequel 
ladite poudre d'oxyde de metal a une taille de 
particule inftrieure ou tgale a un micrometre. 

18. Procede selon la revendication 12, dans lequel 
ladite poudre d'oxyde de metal est constitute 
d'une phase monocristalline. 

19. Procedt selon la revendication 12, dans lequel 
le diametre de particule primaire de la poudre 
d'oxyde de mttal est dans la plage de 10 a 
700 nm environ. 

20. Materiau intermediaire sensiblement homoge- 
ne tel que defini dans la revendication 1 , ayant 
une composition et une concentration qui sup- 
porteront la combustion, et qui est capable 
d'etre enflamme et brOle par auto-inflammation 
pour produire une poudre d'oxyde de metal. 

21. Melange selon la revendication 20, dans lequel 
ledit compost d'acide amine comprend de la 
glycine. 

22. Melange selon la revendication 20, dans lequel 
I'anton du dit sel de metal comprend un nitra- 
te. 



25. Melange selon la revendication 20, dans lequel 
ledit compost d'acide amint comprend un 
quelconque des elements suivants : glycine, 
alanine, valine, leucine, isoleucine, proline, aci- 
5 de aspartique, acide glutamique, lysine, argini- 

ne, histidine, asparagine, glutamine, serine, th- 
reonine, phenylalanine, tyrosine, et tryptopha- 
ne. 

10 26. Proctde pour fabriquer une poudre d'oxyde de 
mttal qui comprend les etapes suivantes : 

- formation d'un melange precurseur 
aqueux sensiblement homogene, com- 
prenant au moins un compost de mttal 

75 sensiblement soluble et un compost 

d'acide amint combustible, co-reactant, 
sensiblement soluble dans I'eau, 

- tvaporation du dit mtlange prtcurseur 
jusqu'a un niveau total de matieres soli- 

20 des qui supportera la combustion, et 

- inflammation du dit mtlange tvaport et 
combustion de ce dernier par auto-in- 
flammation pour produire les dites pou- 
dres d'oxyde de mttal a une seule pha- 

25 se. 

27. Proctdt selon la revendication 1, dans lequel 
du nitrate d'ammonium et un compost co- 
rtactant combustible additionnel sont ajoutts 
30 pour augmenter le volume d'encombrement 

des cendres. 

2a Proctdt selon la revendication 12, dans lequel 
ladite poudre d'oxyde de mttal est constitute 
35 de phases cristallines mtiangtes. 



23. Mtlange selon la revendication 20, dans lequel 40 
le cation du dit sel de mttal comprend un 
quelconque des tltments suivants : alumi- 
nium, calcium, chrome, manganese, fer, nickel, 
cuivre, strontium, yttrium, zirconium, argent, 
baryum, lanthane, ctrium, cobalt, zinc, haf- 45 
nium, molybdene et bismuth, lithium, sodium, 
magntsium, potassium, scandium, rubidium, 
cadmium, indium, ctsium, mercure, thallium, 
plomb, ctrium, prastodyme, ntodyme, sama- 
rium, europium, gadolinium, terbium, dyspro- so 
sium, holmium, erbium, thulium, ytterbium, lu- 
ttcium, uranium et thorium. 



24. Mtlange selon la revendication 20, dans lequel 

I'anion du dit sel de mttal comprend un quel- 55 
conque d s tltments suivants : acttat s, for- 
miates, halogtnures, oxyhalogtnures, sulfates, 
carbonates et nitrates. 
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